
Journal Pre-proof

Displacement Following Pneumatic vs Vitrectomy for Retinal Detachment (ALIGN)

Carolina L.M. Francisconi, Samara B. Marafon, Natalia A. Figueiredo, Verena R.
Juncal, Sufiyan Shaikh, Nishaant Bhambra, David T. Ta Kim, Koby Brosh, Jenny
Qian, Varun Chaudhary, Alan R. Berger, Louis R. Giavedoni, David T. Wong,
Filiberto Altomare, David R. Chow, Sandro Di Simplicio, Mustafa R. Kadhim, Deven
Deonarain, Roxane J. Hillier, Rajeev H. Muni

PII: S0161-6420(21)00943-X

DOI: https://doi.org/10.1016/j.ophtha.2021.12.007

Reference: OPHTHA 11929

To appear in: Ophthalmology

Received Date: 2 August 2021

Revised Date: 23 November 2021

Accepted Date: 13 December 2021

Please cite this article as: Francisconi CLM, Marafon SB, Figueiredo NA, Juncal VR, Shaikh S, Bhambra
N, Ta Kim DT, Brosh K, Qian J, Chaudhary V, Berger AR, Giavedoni LR, Wong DT, Altomare F, Chow
DR, Di Simplicio S, Kadhim MR, Deonarain D, Hillier RJ, Muni RH, Displacement Following Pneumatic
vs Vitrectomy for Retinal Detachment (ALIGN), Ophthalmology (2022), doi: https://doi.org/10.1016/
j.ophtha.2021.12.007.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published
in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2021 Published by Elsevier Inc. on behalf of the American Academy of Ophthalmology

https://doi.org/10.1016/j.ophtha.2021.12.007
https://doi.org/10.1016/j.ophtha.2021.12.007
https://doi.org/10.1016/j.ophtha.2021.12.007


 

Displacement Following Pneumatic vs Vitrectomy for Retinal Detachment 

(ALIGN) 

 

 

Authors: 

Carolina L. M. Francisconi1,2,3, Samara B. Marafon1,2, Natalia A. Figueiredo1,2, Verena R. Juncal1,2, 

Sufiyan Shaikh5, Nishaant Bhambra1,2, David T. Ta Kim1,2, Koby Brosh1,2, Jenny Qian4, Varun 

Chaudhary4, Alan R. Berger1,2, Louis R. Giavedoni1,2, David T. Wong1,2, Filiberto Altomare1,2, David 

R. Chow1,2, Sandro Di Simplicio5, Mustafa R. Kadhim5, Deven Deonarain4, Roxane J. Hillier5,6,, 

Rajeev H. Muni1,2,7. 

 
Affiliations: 
1. Dept. of Ophthalmology, St. Michael’s Hospital/Unity Health Toronto, Toronto, CANADA 
2. Dept. of Ophthalmology & Vision Sciences, University of Toronto, CANADA 
3. Dept. of Ophthalmology & Visual Sciences, Dalhousie University, CANADA 
4. Hamilton Regional Eye Institute, St. Joseph’s Healthcare, Division of Ophthalmology, Department of 
Surgery, McMaster University, Hamilton, Ontario, Canada. 
5. Newcastle Eye Centre, Royal Victoria Infirmary, Newcastle upon Tyne, UK 
6. Institute of Neuroscience, Newcastle University, UK 
7. Kensington Vision and Research Center, Toronto, CANADA 
 
 

*Drs. Francisconi and Marafon contributed equally to this manuscript with dual first authorship. 1 

Word Count: 1211 
 
Corresponding Author/Request for Reprints: 
 
Rajeev H. Muni, MD, MSc, FRCSC 
Department of Ophthalmology, St. Michael’s Hospital/Unity Health Toronto 
8th floor, Donnelly Wing 
St. Michael’s Hospital 
30 Bond St., Toronto, Ontario, M5B 1W8 
Phone:  416 867 7411 
Fax:  416 867 7491 
Email:  rajeev.muni@gmail.com 
 
Meeting Presentations:  
Presented at the Canadian Ophthalmological Society Virtual Annual Meeting in June 2020, the Retina 2 
Society Virtual Annual Meeting in September 2020, and the American Society of Retina Specialists 3 
Annual Meeting in October 2021. 4 
 5 
Financial Support: Grant from the Retina Foundation of Canada, Westmount, QC, Canada. The sponsor 6 
or funding organization had no role in the design or conduct of this research. 7 
Conflict of Interest: no conflicting relationship exists for any author. 8 
Running Head: Retinal Displacement after Pneumatic Retinopexy vs Vitrectomy for Retinal Detachment 9 
 10 

Jo
urn

al 
Pre-

pro
of



Abstract 11 

 12 

This multicenter non-randomized comparative trial demonstrates that PPV is associated with a 13 

higher risk of retinal displacement compared to PnR for macula-off rhegmatogenous retinal 14 

detachment. Furthermore, retinal displacement is associated with worse aniseikonia. 15 

 16 

Trial Registration: NCT04089033 17 

  18 
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 19 

Retinal displacement is detected by the presence of retinal vessel printings 20 

(RVPs) on fundus autofluorescence (FAF) imaging1,2 Although a high proportion of 21 

patients achieve anatomic reattachment following rhegmatogenous retinal detachment 22 

(RRD) repair, many patients experience post-operative metamorphopsia, aniseikonia, 23 

decreased visual acuity and poor vision-related quality of life.3,4. Retinal displacement, 24 

or a low integrity retinal attachment (LIRA) may provide an anatomic basis for 25 

suboptimal functional outcomes. 26 

Pars plana vitrectomy (PPV) has been associated with increased risk of retinal 27 

displacement compared with pneumatic retinopexy (PnR) in a retrospective analysis.4 28 

This study compared the incidence of post-operative retinal displacement following PPV 29 

vs PnR in a prospective non-randomized comparative trial and determined the 30 

association of retinal displacement with post-operative functional outcomes. 31 

 This multicenter non-randomized comparative trial was carried out at three 32 

centers from June, 2018 to February, 2020. Patients were recruited at St. Michael’s 33 

Hospital in Toronto, Canada, Newcastle Eye Centre in United Kingdom and Hamilton 34 

Regional Eye Institute in Hamilton, Canada. There were 10 experienced surgeons 35 

included at these sites with some surgeons preferring PnR and others preferring PPV 36 

for the same types of RRD. This methodology was carried out with a desire to achieve 37 

cohorts with similar baseline characteristics. The study was approved by the Research 38 

Ethics Board and adhered to the tenets of the Declaration of Helsinki.  39 

Patients with primary macula-off RRD undergoing PnR or PPV were included. 40 

Exclusions included patients younger than 18 years, previous vitreoretinal surgery, 41 
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significant proliferative vitreoretinopathy (PVR) (grade B or worse), significant media 42 

opacity or any pre-existing retinal pathology. 43 

PnR was performed within 24 hours by 6 experienced surgeons with a technique 44 

used in the PIVOT trial.5 All patients who underwent PnR were instructed to perform 45 

initial face down positioning and the steamroller maneuver. A standard 23- or 25-gauge 46 

PPV was performed within 72 hours by 10 experienced vitreoretinal surgeons. 47 

Subretinal fluid was drained via the retinal break or posterior retinotomy at the surgeon’s 48 

discretion. While draining through the peripheral break, care was taken to minimize 49 

posterior displacement of subretinal fluid to the greatest extent possible. Isoexpansile 50 

sulfur hexafluoride (SF6), perfluoroethane (C2F6), perfluoropropane (C3F8), silicone oil 51 

(SO), and adjunct scleral buckle or perfluorocarbon liquid were used at surgeon 52 

discretion. Patients underwent immediate log-roll to face down following PPV for 24 53 

hours followed by positioning based on location of the breaks. 54 

 Patients had ultra-widefield FAF (Optos California®, Optos Inc, Marlborough, 55 

MA, SA) and optical coherence tomography (OCT) (Zeiss Cirrus 500 HD, Carl Zeiss 56 

Meditec, Dublín, CA, USA; Spectralis, Heidelberg Engineering, Germany) (assessed by 57 

2 masked graders with adjudication by a third senior grader) and Snellen BCVA using 58 

pinhole, objective measurements of metamorphopsia (M-CHARTS, Inami & Co Ltd) and 59 

aniseikonia (Awaya New Aniseikonia Tests, Handaya Co Ltd) at 3-months post-60 

operatively. The primary outcome was proportion of eyes with retinal displacement 61 

detected on FAF at 3-months post-operatively in patients achieving successful 62 

reattachment with PPV vs PnR (Figure 1). We also compared the proportion of patients 63 

with retinal displacement based on initial treatment group (intention to treat). Secondary 64 
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outcomes included the association of retinal displacement and treatment group with 65 

functional outcomes.  66 

Sample size calculation used the following assumptions: minimal clinically 67 

important difference in risk of retinal displacement= 20%(35% in PPV and 15% in PnR), 68 

power 80% and alpha=0.05. We also accounted for patients with primary failure, lost to 69 

follow-up and ungradable images due to media opacity, yielding a total sample size of 70 

204 patients (n=102 per group). 71 

204 patients were enrolled (102 in PPV group and 102 in PnR group) 72 

(supplemental material 1 available at www.aaojournal.org). Of the 157 patients included 73 

in the final analysis, 47.1%(74/157) underwent PPV and 52.9%(83/157) underwent PnR 74 

as the primary procedure. Primary reattachment rate was 93.2%(69/74) with PPV vs 75 

82%(68/83) with PnR. Baseline demographic or ocular characteristics were similar 76 

between groups (supplemental material 2 available at www.aaojournal.org). 77 

The proportion of eyes with retinal displacement on FAF imaging was 78 

50.7%(35/69) for PPV and 14.7%(10/68) for PnR in patients with primary reattachment 79 

(difference=36%,RR=3.49,95%CI=1.86–6.39,P< .001). In the intention-to-treat analysis, 80 

based on the initial procedure, the proportion of eyes with retinal displacement was 81 

50.0%(37/74) for PPV and 25.3%(21/83) for PnR(difference=24.7%,RR=1.97, 82 

95%CI=1.28–3.05,P=0.001); of the 21 patients with retinal displacement in the PnR 83 

group, 48%(10/21) failed the initial procedure and underwent secondary PPV.  84 

OCT analysis revealed that there were no significant differences between the           85 

PPV and PnR groups in regard to the presence of significant ERM(PPV=6.9%(5/72); 86 

PnR=7.4%(6/81);P=0.91, CME(PPV=8.3%(6/72);PnR=6.2%(5/81);P=0.61) and residual 87 
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SRF(PPV=1.4%(1/72);PnR=7.4%(6/81);P=0.75). Furthermore, there were no differences 88 

among patients with vs without displacement with respect to the presence of ERM(with 89 

displacement=12.1%(7/58);without displacement=4.2%(4/95);P=0.068), CME(with 90 

displacement=8.6%(5/58);without displacement=6.3% (6/95);P=0.060) and SRF(with 91 

displacement=1.7%(1/58);without displacement=6.3%(6/95);P= 0.187).  92 

 BCVA (logMAR) among patients who achieved successful reattachment 93 

was 0.50+0.44 in PPV vs 0.33+0.33 in PnR (mean difference=0.16;95%CI=0.27–2 94 

.95;P=0.019). Aniseikonia scores were worse in eyes following successful PPV versus 95 

PnR (PPV=4.22+/-5.45 vs PnR=2.03+/-3.77)(difference=2.19;95%CI=0.51–3.86; 96 

P=0.011). The vertical (PPV=0.37+0.41;PnR=0.33 + 0.33;difference=0.04;95%CI=-0.09–97 

0.17;P=0.564) and horizontal (PPV=0.31+0.33;PnR=0.34+0.33;difference=-0.02; 98 

95%CI=-0.14–0.09;P=0.665) MCHARTS scores were similar between groups. Mean 99 

aniseikonia scores were worse in patients with retinal displacement (with retinal 100 

displacement=4.52+6.05; without retinal displacement=2.31+3.51;difference=2.21; 101 

95%CI=0.41–4.01;P=0.017). When assessing baseline factors that could have 102 

contributed to retinal displacement, there was a 7.7% higher proportion of RRDs that were 103 

four quadrants in the PPV group and a 7.9% higher proportion of RRDs that were one 104 

quadrant in the PnR group. Although these differences were not statistically significant, 105 

to adjust for it, a Poisson Regression with robust variance was performed which 106 

demonstrated that the size of the detachment did not impact the risk of retinal 107 

displacement. The relative risk of retinal displacement was 2.0(95%CI=1.3-3.1,P=0.002) 108 

in patients undergoing PPV compared to those undergoing PnR after adjusting for 109 

quadrants of detachment.  110 
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As a sensitivity analysis, a subgroup analysis excluding patients with SO or SB, 111 

found that the proportion of eyes with retinal displacement was 50%(34/68) for PPV vs  112 

23.5%(19/81) for PnR(P=.001) in the intention-to-treat analysis and 51%(32/63) for PPV 113 

vs 14.7%(10/68) for PnR(P=<.0001) when assessing patients with primary 114 

reattachment. Furthermore, when excluding patients with SB and/or SO, aniseikonia 115 

scores remained significantly different (PPV=4.07+/- 5.1;PnR=2.03 +/- 116 

3.77;difference=2.04;P=0.016). 117 

There is a greater risk of retinal displacement in patients undergoing PPV 118 

compared to PnR and patients with retinal displacement had worse aniseikonia scores 119 

compared to patients without retinal displacement. Furthermore, among patients with a 120 

successful primary procedure, aniseikonia scores were significantly worse in the PPV 121 

group. This was the first prospective study to formally assess aniseikonia in the setting 122 

of retinal displacement with an objective quantitative test and to the best of our 123 

knowledge, no previous studies have demonstrated an association between retinal 124 

displacement and objective aniseikonia scores. Many patients complain of micropsia 125 

following RRD repair. We hypothesize that retinal stretch may lead to increased spacing 126 

between photoreceptors and this could be perceived as a change in image size 127 

(Animation Video as supplemental material 2 available at www.aaojournal.org). These 128 

findings will likely stimulate future studies on potential variations in the management of 129 

RRD that can minimize the risk of retinal displacement, such as drainage method and 130 

the use of minimal gas during PPV.6,7 131 

Jo
urn

al 
Pre-

pro
of

http://www.aaojournal.org/


In conclusion, this non-randomized comparative trial (the ALIGN study) found 132 

that PPV was associated with a greater risk of retinal displacement compared to PnR 133 

and that retinal displacement was associated with worse aniseikonia. 134 

 135 
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 153 

 154 

Figure 1: Ultra-widefield color photo and fundus autofluorescence (FAF) imaging after 155 

retinal detachment repair.  156 

 157 

A and B) Color photo (A) and FAF (B) imaging of a patient demonstrating anatomic 158 

reattachment (A) and a high integrity retinal attachment (HIRA) with no retinal 159 

displacement on FAF (B).  160 
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C and D) Color photo (C) and FAF (D) imaging of another patient demonstrating 161 

anatomic reattachment (C) with a low integrity retinal attachment (LIRA) with retinal 162 

displacement on FAF (D); retinal vessel printings are seen (arrowheads), indicating that 163 

the retina has been displaced compared to its original location.  164 

 165 

Supplemental Material 1: Patient Flow Diagram 166 

 167 

Supplemental Material 2: Baseline Patient and Study Eye Characteristics 168 

 169 

Supplemental Material 3: Animation video demonstrating proposed pathophysiology of 170 

post-operative aniseikonia with retinal displacement following rhegmatogenous retinal 171 

detachment repair 172 

 173 

 174 

 175 

 176 

 177 

 178 

 179 

 180 

 181 

 182 

  183 

Jo
urn

al 
Pre-

pro
of



 184 

REFERENCES 185 

 186 

1.  Shiragami C, Shiraga F, Yamaji H, et al. Unintentional Displacement of the Retina 187 

after Standard Vitrectomy for Rhegmatogenous Retinal Detachment. 188 

Ophthalmology. 2010;117(1). 189 

2.  Lee E, Williamson TH, Hysi P, et al. Macular displacement following 190 

rhegmatogenous retinal detachment repair. Br J Ophthalmol. 2013;97(10):1297-191 

1302. 192 

3.  Casswell EJ, Yorston D, Lee E, et al. Effect of Face-Down Positioning vs Support-193 

the-Break Positioning after Macula-Involving Retinal Detachment Repair: The 194 

PostRD Randomized Clinical Trial. JAMA Ophthalmol. 2020;138(6):634-642. 195 

4.  Brosh K, Francisconi CLM, Qian J, et al. Retinal Displacement Following 196 

Pneumatic Retinopexy vs Pars Plana Vitrectomy for Rhegmatogenous Retinal 197 

Detachment. JAMA Ophthalmol. 2020; 138(6):652-659 198 

5.  Hillier RJ, Felfeli T, Berger AR, et al. The Pneumatic Retinopexy versus 199 

Vitrectomy for the Management of Primary Rhegmatogenous Retinal Detachment 200 

Outcomes Randomized Trial (PIVOT). Ophthalmology. 2019;126(4):531-539. 201 

6.  Muni RH, Bansal A, Lee WW, et al.. Minimal Gas Vitrectomy with Scleral Buckle 202 

to Minimize Retinal Displacement in Rhegmatogenous Retinal Detachment with 203 

Inferior Breaks. Retin Cases Brief Rep. 2021 Jun 14. doi: 204 

10.1097/ICB.0000000000001174. Epub ahead of print. PMID: 34137737. 205 

7.  Muni RH, Felfeli T, Figueiredo N, et al. Minimal Gas Vitrectomy Technique for 206 

Reducing Risk of Retinal Displacement following Rhegmatogenous Retinal 207 

Detachment Repair. Retin Cases Brief Rep. 2020 Nov 6. doi: 208 

10.1097/ICB.0000000000001076. Epub ahead of print. PMID: 33181800. 209 

 210 

 211 

Jo
urn

al 
Pre-

pro
of



Jo
urn

al 
Pre-

pro
of


